Abstract: Natural variability, i. e. climatic oscillation, influences the development of vegetation in the annual cycle. At the same time it creates the conditions for the changes of the vegetation cover even in the scale of centuries. This is the phenomenon, which causes the variation or tendencies in evapotranspiration demands and consequently of water storage regime, and its long scale change is sometimes disregarded. The simulation of rainfall-runoff process has been used for the re-evaluation of the assumed evapotranspiration demand due to the developing vegetation cover and of groundwater storage in the catchments. The simulations provide the results, which illustrate the dominant role of transpiration in comparison with other components of evapotranspiration. The simulations also illustrate the interaction between evapotranspiration and groundwater storage. Additionally, the modelling confirms that it could be useful to compare the parameters for the recession process of simulated sub-surface water storage with the decreases of observed outflow of springs and/or with the course of water levels in the bore holes.
Introduction
Variability of hydrological regime in a catchment is usually influenced by the development of vegetation cover in the annual cycle. Vegetation cover can change also in the span of decades of years, what affects its evapotranspiration demands. It means that the change of runoff is influenced by the varying natural conditions, i. e. by climatic oscillations. But runoff in many catchments is influenced also by anthropogenic activities, sometimes performed even several centuries ago. Consequence of such past human interventions are frequently felt as natural conditions [e.g. in case of an extensive system of ponds in the sub-basin of the Czech part of the Labe River (Buchtele et al. 2009)] .
The simulations of rainfall-runoff process have been used with the intention to evaluate the role of vegetation cover and -in the previous simulations -the influence of other conditions in the catchments (Buchtele & Košková 2008) . The changes due to climatic variability could be partially explained by rainfall-runoff modelling when differences between observed and simulated runoff are used for the evaluation of tendencies. The change of evapotranspiration can affect water regime, inclusive of soil water storage. From that point of view it could be useful to compare the parameters for the recession process of simulated sub-surface water storage and similar characteristics of the monitored outflows of springs.
In the context of vegetation change the interaction between evapotranspiration demand and soil water storage seems to be the significant and may be meaningful namely at the local and regional level. For the continental scale some other complex phenomena could be significant. E.g. disparate tendencies were detected in the flood peaks during the past two centuries at the Czech Labe River (Buchtele & Košková 2008) and at the rivers in the south-western Germany (Caspary 2000) . We believe that the long-term aspect of vegetation growth is connected in climatic conditions of the Czech Republic mainly with development of forest cover and agricultural production in the Labe river basin during the past century. The wood storage has increased continually between 300 and 600 mil m 3 , yields of grain has been growing in the range between 2000 kg ha −1 and 4000 kg ha −1 , while in both spheres the areas were relatively stable (Buchtele et al. 2009 ). The agricultural production, e.g. yields of grain, has been considered as the effective phenomenon for water balance years ago (Keller 1970) . The role of extensive deforestation due to acid rains in some sub-basins of Labe River has been another problem and the effort exists to simulate runoff under such conditions (Buchtele & Košková 2008) .
Another suspicion of higher variability of evapotranspiration demands could be supported by some recent explanations concerning the variability of solar radiation connected with the sunspots (Beer 2005) . Fig. 1 presents the long-term variability in the long series of precipitation, runoff and evapotranspiration of the Labe River and the visible fluctuations are compared with this course of solar activity. The objective of this paper was the assessment of evapotranspiration and its structure in several catchments with different natural conditions
Used data and methodology
Rainfall-runoff modelling performed in this study was based on the relatively long (more than 30-40 years) input data series. Daily precipitation, air temperature and discharge data were used in the modelling.
The data mostly come from the forested hilly region Šumava Mts. in the south-west Bohemia along the borders with the Austria and Germany. There are the experimental catchments Liz (area 0.99 km 2 ) and three neighbouring greater basins Husinec, Lenora and Modrava (area 90-202 km 2 ). They all lie in the area built by "hard rocks". Basin Varvažov (area 367 km 2 ), situated also in south Bohemia, has similar hydrogeological conditions. Catchment Maršov (area 94 km 2 ) is situated in the Cretaceous area of the north Bohemia. The simulation for the Maršov catchment has been carried out with intention to provide outputs for comparison enabling considerations about groundwater variability. Characteristics of the catchments are summarised in Table1.
The data used for simulation are mostly from the period of years 1961-2000, for the experimental catchment Liz it was the period 1975-2007. Catchment precipitation was calculated using at least two stations. The extraordinary series exists for the Labe river basin which is more than 100 years long (period 1895-2000) , which provides the inputs for Fig. 1 . Table 1 shows that the forest covers prevail in the catchments of the Šumava Mts. region (catchments 1 and 4). However significant agricultural activity exists in two catchments of this area as well (catchments 2 and 3).
The conceptual model SAC-SMA (Burnash 1995) was used in all basins. Additionally the physically based BROOK model (Federer 1995) , prepared by the U.S. Forest Service, was used in most of the catchments. Calibration of the SAC-SMA model was based only on periods without artificial runoff changes. Validation of the model was done for the whole period of runoff observation. The reason for the implementation of the two models was that both provide simulated evapotranspiration and sub-surface water storage. But SAC-SMA model provides the decisive component of simulated groundwater storage, which is comparable with monitored water levels, while the BROOK model simulates several components of evapotranspiration, which enables the consideration of land cover diversities in compared catchments. This enables the comparisons, which facilitate the interpretation of differences between observed and simulated runoff. 
Results and discussion
The diverse values of evapotranspiration demand are illustrated in Fig. 2 . These are the values simulated by the SAC-SMA model for separate time periods of observation in the Liz experimental catchment. Fig. 2 indicates the increased evapotranspiration demand in the last period, i. e. in the years 1996-2007. Probably it was caused by increasing volumes of wood in the forest. Fig. 3 provides a more complex view on the evapotranspiration in the area of the Šumava Mts., showing the results for three neighbouring basins Husinec, Lenora and Modrava listed in Table 1 . It presents the variability of evapotranspiration for the assumed stable vegetation cover simulated by the lumped SAC-SMA model. The basins Varvažov and Maršov are included in Fig. 3 to show namely the evaporation in the summer and autumn in different hydrogeological condi- tions. The Varvažov basin is situated in the hard rocks region, but the Maršov basin lies in the Cretaceous area. We assume that the relative rise of evapotranspiration in the Maršov basin was probably caused by absorption of groundwater from rich storage in this basin with the thick sedimentary bedrock.
The three neighbouring, relatively large hilly catchments in the Šumava Mts. (No. 2-4 in Table 1 ) shown in Fig. 3 are mostly forested. Strong forest disasters occurred there, which affected mainly the Modrava basin. Insects have caused the damages, which resulted in the visible decrease of transpiration (Buchtele et al. 2009 ). The prevalence of transpiration in the majority of basins is also visible in the comparison with other components of evapotranspiration process. The snow interception creates important component of total evapotranspiration in the mostly forested hilly Modrava basin, which is the highest area in this region. The rain interception is significant in the basin Lenora with substantial agricultural areas. Fig. 3 seems to indicate also that the evapotranspiration is the most significant in the basin with prevailing coniferous forest (experimental catchment Liz).
The outputs of rainfall-runoff simulation for the Maršov catchment in the Metuje River basin have been useful for assessment of groundwater storage variability. Fig. 4 shows the outflow of springs and/or the water level in the boreholes could be sometimes compared with simulated content of water in LZFPC (Lower Zone Free Primary Content) of the SAC-SMA model. The larger fluctuations could be due to the role of preferential routes (pedological phenomena), which probably contribute to the water content in the LZFSC (Lower Zone Free Supplemental Content). This could be assumed taking into account the course of runoff components. Fig. 5 presents other outputs of the SAC-SMA model. It is possible to notice that the periods of the largest deficits in the LZTWC (Lower Zone Tension Water) and in the LZFPC (Lower Free Primary Zone) may be very remote in time, i.e. hydrological and agricultural drought periods could be asynchronous. This is the phenomenon, which is important for evapotranspiration evolution. The lower part of Fig. 5 shows seasonal character of water content in the Tension Zone (LZTWC) and in the Supplemental Free Zone (LZFSC), what might be also significant for evapotranspiration. The comparison of some time intervals in Fig. 5 permits to infer that the oscillation in soil moisture affects variability of evapotranspiration or that mutuality exists between these two phenomena. The part of this figure, which presents simulation for Liz catchment, illustrates clearly the effects of increased evapotranspiration, e.g. due to climate warming on groundwater storage.
The results confirm that besides of usually desired information about the vegetation extent also information about its production is desirable in simulation for many basins. The increasing volumes in forests or deforestation and increased agricultural production are phenomena, which play significant role in our natural conditions.
Conclusions
Based on our results we can conclude that variability of water regime in the basin can be influenced by the development of vegetation cover in the annual cycle, but may be affected by its natural changes also in the span of decades. The improvement of runoff simulation could be reached by the more precise evaluation of evapotranspiration demands as variability of water regime in the basin is influenced by such changes of vegetation cover, which affect also soil water storage.
The simulations presented in this paper provided results, which illustrate the dominant role of transpiration in the comparison with other components of evapotranspiration process, namely in the extensively forested catchments. The simulations illustrate also the interaction between evapotranspiration and groundwater storage. In the next research it could be useful to compare the parameters for the recession process of simulated sub-surface water storage with the decreases of observed outflow of springs and/or with the course of water levels in the bore holes.
